Abstract Bacterial identification using rrs (16S rRNA) gene is widely reported. Bacteria possessing multiple copies of rrs lead to overestimation of its diversity. Staphylococcus genomes carries 5-6 copies of rrs showing high similarity in their nucleotide sequences, which lead to ambiguous results. The genomes of 31 strains of Staphylococcus representing 7 species were searched for the presence of common genes. In silico digestion of 34 common genes using 10 restriction endonucleases (REs) lead to select gene-RE combinations, which could be used as biomarkers. RE digestion of recA allowed unambiguous identification of 13 genomes representing all the 7 species. In addition, a few more genes (argH, argR, cysS, gyrB, purH, and pyrE) and RE combinations permitted further identification of 12 strains. By employing additional RE and genes unique to a particular strain, it was possible to identify the rest 6 Staphylococcus aureus strains. This approach has the potential to be utilized for rapid detection of Staphylococcus strains.
Introduction
Staphylococcus species are Gram-positive pathogens, which colonize and infect the skin and mucous membranes of human beings. These infections in humans are often associated with exposure to livestock [1] . Bacteria demonstrate a unique ability to rapidly acquire genetic material, which increases its pathogenicity and confers resistance to antibiotics. Staphylococcus aureus has evolved as an organism responsible for epidemics, which are difficult to control. Staphylococcus epidermidis causes a wide range of nosocomial infections, which include nosocomial bloodstream, eye, ear, nose, throat and cardiovascular system [2] . In fact, S. aureus has developed the competence to withstand the threats posed by the human immune system [3] . Staphylococcus aureus cause infections in open wounds through mucosal surfaces or skin [3, 4] . Staphylococcus is also reported to cause abscesses, bacteremia endocarditis, gastroenteritis, food intoxications and septicemia [5] . Children and diabetic patients with HIV are highly susceptible to colonization by S. aureus [3] . The most effective mechanism by which S. aureus expresses its virulence is regulated by a quorum sensing (QS) mediated accessory gene regulator system [6] . QS regulated biofilm formation is considered as the main cause of infections in this organism. These QS systems have been rigorously studied as potential therapeutic targets [7] [8] [9] [10] [11] [12] .
coagulase, amino acid decarboxylases, urease, (2) nitrate reduction, and acid production from a wide range of sugars, and (3) hemolysis [5, 13] . A few other ancillary tests to identify Staphylococcus include anaerobic utilization of glucose and mannitol, lysostaphin sensitivity, and thermostable nuclease production. S. epidermidis can be distinguished from S. aureus, as it lacks abilities such as coagulase production, thermonuclease production, and mannitol utilization [14] .
Molecular Assays
Guidelines for the laboratory level detection of S. aureus recommend the molecular targets such as coa, femA, femB, gyrA, nuc, spa, Sa442, and 16S rRNA (rrs) genes [15] . The triplex qPCR assay based on mecA, and femA (from S. aureus and S. epidermidis) could be completed within a short span of 6 h [16] . Autolysin encoded by atlE which influences primary attachment, is one of the most studied genes [2] . Real-time PCR for amplifying altE, lukS-PV, mecA, homologue mecA LGA251 , mvaA, nuc, and tuf genes from blood allows rapid identification of S. aureus strains within 2-3 h [17] [18] [19] [20] . PCR-amplification of the nuc, mecA, ileS, lukS-lukF genes are used to identify S. aureus [21] . Here, S. aureus ATCC25923 act as a positive control, whereas S. epidermidis ATCC12228 is used as a negative control [5] . Identification of genetically diverse isolates of methicillin-resistant S. aureus (MRSA) has been successfully done using orfX-staphylococcal cassette chromosome mec-(SCCmec) based assays carrying blaZ, ccr, mecA, mecI, and mecR1 genes [1, [22] [23] [24] [25] . A few more genes used for identifying S. epidermidis include: sodA, rpoB, tuf, gap, dnaJ, hsp40, and tRNA intergenic spacer [20] . The MRSA PCR detection kit (Multiplex) targets the following 4 genes: rrs, mecA, lukPVL and femA (http://himedialabs. com/TD/MBPCR020.pdf). Although commercially available kits are effective in identifying the mecA gene, however, these methods need pure cultures [15] . In spite of the availability and usage of a large number of genes for identifying Staphylococcus, there seems to be no consensus so far.
The most widely used gene for identifying bacteria is rrs. Recent works have proved helpful in further enhancing their value by revealing their unique latent features [26] [27] [28] [29] . However, the major limitation in the use of rrs gene is encountered in bacteria having multiple copies, which is responsible for overestimation of bacterial species. Secondly, the multiple copies of rrs show very high similarity with those of other species as well [30] [31] [32] [33] [34] [35] . We need to resort to other conserved genes for better bacterial identification. Recent works have used a set of genes which are common to all the species of a genus. These genes were digested in silico with different Restriction Endonucleases (REs). Unique RE digestion patterns obtained with a specific gene were shown to be potentially useful for rapid bacterial identification. Since Staphylococcus genomes have multiple copies of rrs, we have adopted the strategies proposed earlier for searching novel markers in pathogenic bacteria [30] [31] [32] 34] , for identifying this bacteria as well.
Materials and Methods

Comparative Analysis of Sequenced Genomes
Sequenced genomes of the Staphylococcus: 7 species-31 strains were used here (http://www.ncbi.nlm.nih.gov/): S. aureus (24 strains), S. carnosus, S. epidermidis (2 strains), S. haemolyticus, S. lugdunensis, S. pseudintermedius, and S. saprophyticus (Table S1 ). Certain features of these Staphylococcus genomes have been presented in Table S1 . Comparative analysis of Staphylococcus genomes, allowed us to select 53 genes common to all of them. These common genes, varied from 179 to 4316 nucleotides (nts) (Tables S1 and S2). In addition, rrs was also used in this analysis. Orientation (5 0 -3 0 ) of sequences was checked with the help of BioEdit [36] .
In silico Digestion of Common Genes with Restriction Endonucleases
Ten Type II REs: (1) AluI, BfaI, BfuCI, CviAII, HpyCH4 V, RsaI, TaqI, Tru9I (4 base cutters) and (2) HaeI and Hin1I (6 base cutters) were used for in silico digestion of common genes [32] . RE digestion patterns of these genes were obtained through Cleaver (http://cleaver.sourceforge.net/) (Table S2 ). REs which resulted in 5-15 fragments were employed for comparative analysis of the gene sequences [32] . A genome wide search was performed in the following genomes-S. aureus MW2, S. aureus MSSA476, S. aureus Mu3 and S. aureus N315. Genes that were not common to all the 31 genomes were treated as unique.
Results
In silico RE Digestion of rrs
In each of 31 genomes of Staphylococcus strains there were 5-6 copies of rrs. The 162 copies of rrs could be segregated into 11 groups on the basis of multiple sequence alignment (MSA). Each group was represented by 5-68 copies, which were quite similar to each other. Twenty five genomes were represented by 5 groups, with 6-68 copies in each. It allowed unambiguous segregation of only 6 genomes representing 32 copies: S. aureus subsp. aureus T0131, S. aureus subsp.
aureus VC40, S. epidermidis ATCC12228, S. epidermidis RP62A, S. lugdunensis N920143 and S. saprophyticus subsp. saprophyticus ATCC15305.
Unique in silico RE digestion patterns were observed in the following strains: (1) S. aureus-5 strains, (2) S. carnosus, (3) S. epidermidis-2 strains, (4) S. haemolyticus, (5) S. lugdunensis, (6) S. pseudintermedius, and (7) S. saprophyticus (Table 1) . Here, unique digestion patterns in the rrs gene were recorded with 8 REs (Table 1) . RE-Hin1I did not provide unique digestion pattern in any of the strains. There was a reasonable amount of variation in RE digestion patterns even within a genome: (1) RE-AluI and S. carnosus subsp. carnosus TM300; S. epidermidis ATCC12228, (2) RE-BfaI and S. haemolyticus JCSC1435, (3) RE-BfuCI and S. aureus subsp. aureus TW20; S. epidermidis ATCC12228, S. epidermidis RP62A (4) RECviAII and S. aureus subsp. aureus 6850; S. aureus subsp. aureus MRSA252; S. saprophyticus subsp. saprophyticus ATCC15305, (5) RE-HpyCH4 V and S. aureus RF122; S. aureus subsp. aureus MRSA252; S. carnosus subsp. carnosus TM300, (6) RE-TaqI and S. lugdunensis N920143, and (7) RE-Tru9I and S. aureus RF122 (Table 1 ). In S. aureus subsp. aureus TCH60 and S. pseudintermedius ED99, RE digestion pattern was observed to be exactly similar in all the rrs copies in their respective genomes. In silico digestion of 162 rrs gene sequences with 10 REs, was quite effective in identifying 12 Staphylococcus strains representing 7 species. These 12 strains included only 4 out of 6 strains (S. epidermidis ATCC12228, S. epidermidis RP62A, S. lugdunensis N920143 and S. saprophyticus subsp. saprophyticus ATCC15305), which could be segregated through MSA. On the basis of these analyses, we may conclude that we need to resort to other genes for identifying the rest 19 genomes having 99 rrs copies.
In silico RE Digestion of Common Genes
In 31 Staphylococcus genomes, 53 genes (in addition to rrs) were found to be common to all of them. The size of these 53 genes varied from 179 to 4316 nts (Table S2 ). In silico digestion of 34 out of 53 genes with different REs showed certain unique features, which can be used to distinguish different Staphylococcus genomes. Interestingly, there were 4 S. aureus genomes (Table 4) , which did not show any unique RE digestion pattern with any of the REs. The genes which showed unique digestion patterns with a few REs were: argH, argR, cysS, gyrB, purH, pyrE and recA (Tables 2a, b, 3) .
recA Digestion of recA gene (1349 nts) was recorded with 8 REs. REs-AluI, HpyCH4V and Tru9I proved effective in generating unique RE digestion patterns with recA in 7-8 genomes. However, if all the combinations are taken into consideration, these gene-RE combinations can decipher 11 strains belonging to 7 Staphylococcus species (Table 2a ). In addition, another genome of S. aureus strain RF122 can also be identified because of unique RE digestion patterns generated with CviAII, TaqI and BfuCI (Table 2b) .
argH, argR, cysS, gyrB, purH, and pyrE As, recA was helpful in being used as a marker for identifying 13 out of 31 strains, we resorted to other genes for the rest of the strains. Six more genes (argH, argR, cysS, gyrB, purH, and pyrE) in combinations with REs-AluI, BfuCI, CviAII, HpyCH4 V, RsaI, and Tru9I provided markers for identifying 12 more S. aureus strains ( Table 3 ). The details of unique gene-RE combinations and the genomes so identified were as follows (Table 3) However, among all the common genes, none of the gene-RE combination could distinguish the 6 genomes of S. aureus. For identifying S. aureus NCTC8325 and S. aureus USA300_FPR3757, two different gene-RE combinations were used (Table 3) . Incidentally, the strains of S. aureus MW2 and S. aureus MSSA476 were found to have a similar RE pattern with argH-BfuCI. These two genomes could only be identified by using another gene seh, which is only present in S. aureus MW2. Gene seh can be digested only with AluI, HpyCH4 V and Tru9I (Table 4) . On the other hand, rest two genomes of S. aureus Mu3 and S. aureus N315 were quite similar and hard to distinguish on the basis of various common genes used in the study. A genome wide search led to the identification of quite a few unique genes that may be used to distinctly identify them (Table 4) .
Thus, using these approaches of common and unique genes in combination with 10 different REs, we could identify quite a few biomarkers. recA alone was effective in distinguishing 13 out of 31 genomes. An additional 14 genomes could be identified on the basis of specific RE digestion patterns of genes such as: argH, argR, cysS, gyrB, purH, and pyrE. Four genomes of S. aureus could be distinguished by taking help of genes unique to a given strain. These biomarker genes enabled us to segregate all the 31 genomes distinctly. 
Discussion
Identification of pathogenic bacteria is the first prerequisite for diagnosis and treatment. Quite a few metabolic characteristics of these bacteria give a very clear cut indication of the potential organisms. However, a confirmatory statement can be made on the basis of their molecular features. Most identification methods use rrs gene sequences [7, 12, [26] [27] [28] . In spite of its successful usage, there are situations where this gene becomes ambiguous. Such cases involve bacteria possessing multiple copies of rrs, which also show high similarity among them [12, 26, [33] [34] [35] . In general, other highly conserved genes become helpful, which requires additional time and money. In most of the molecular approaches used for identifying Staphylococcus species, 27 genes have been widely used either individually or in combination [1, [17] [18] [19] [20] [22] [23] [24] . Of these 27 genes, only gyrA is among those which are common to all the genomes. It implies that the rest 26 genes may not prove effective in all the Staphylococcus strains. In our study, the most important feature is the usage of genes which were common to all the Staphylococcus strains. And recA alone was effective in identifying strains which represented all the 7 species. Analysis of gyrA with 10 different REs showed very poor resolution, such that a very large number of fragments were generated, which are not very convenient to be used for this purpose. For employing the biomarkers deduced in this study for identifying Staphylococcus isolates, the following procedure is suggested. Standard molecular procedures, including DNA extraction from the infected sample, designing primers and optimizing conditions are required for gene amplification. The amplified gene product can be digested with selected REs or the sequence can be digested in silico with designated RE. Such a strategy for searching biomarkers from genes which are common to all the species has been shown for pathogenic bacteria such as: Clostridium, Vibrio, Streptococcus, and Yersinia [30] [31] [32] 34] . It must be emphasized that since recA is present in many organisms, including Streptococcus, a close relative of Staphylococcus, however, the RE digestion patterns do not match with those of Staphylococcus species (Data not shown). This approach has provided genes which can be utilized as biomarkers for rapidly detecting Staphylococcus strains [10, 12] . 
